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PROBLEM TO BE SOLVED: To provide a lead electrode 
structure for preventing the deterioration in off-track 
characteristics accompanying an overlaid structure in a 
thin film magnetic head. 

SOLUTION: A magneto resistance effect element 1 

constituting a thin film magnetic head equipped at least ^i: 
with a reproducing head for detecting the magnetic 
signal of a recording medium as a reproduction signal, 
and a pair of terminals 4 are isolated by non-conductive 
materials 3 except for a part. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thin film magnetic head characterized by separating a magneto-resistive effect 
element and a lead electrode of a pair which detect a magnetic signal of said record medium with 
a non-conductor material except for a part in the thin film magnetic head equipped with the 
reproducing head which detects a magnetic signal of a record medium as a regenerative signal at 
least. 

[Claim 2] The thin film magnetic head according to claim 1 characterized by making a gap of a 
magnetic-domain control film of said pair larger than a gap of a lead electrode of a up Norikazu 
pair while preparing a magnetic-domain control film of a pair in both ends of the above- 
mentioned magneto-resistive effect element. 

[Claim 3] The thin film magnetic head according to claim 1 or 2 to which a side which counters 
mutually [ a non-conductor material of a up Noi^ikazu pair ] is characterized by having a less 
than 90-degree taper angle. 

[Claim 4] The thin film magnetic head according to claim 3 characterized by thickness of a non- 
conductor material of a up Norikazu pair being thick as it separates from an admiration band of 
the above-mentioned magneto-resistive effect element. 

[Claim 5] The thin film magnetic head according to claim 1 or 2 characterized by constituting a 
non-conductor material of a up Norikazu pair by insulating material which replaced a part of 
protective coat of the above-mentioned magneto-resistive effect element. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the thin film magnetic 
head which has the feature in the configuration for improving the off-track property in the 
magneto-resistive effect element of exaggerated RAID structure especially used for the 
reproducing head (read head) of magnetic recording media, such as a hard disk drive (HDD), 
about the thin film magnetic head. 
[0002] 

[Description of the Prior Art] It follows on a rise of the request of the miniaturization of the hard 
disk drive unit which is the external storage of a computer, and large-capacity-izing in recent 
years. Although it is necessary to raise track recording density and track density in order to 
further quickly research and development of the hard disk drive unit in which high density 
magnetic recording is possible and to realize high recording densityHzation of such a hard disk 
drive unit For that purpose, in order to prevent the record blot which becomes causes, such as a 
cross talk with an adjoining truck, as a recording head, the technology for forming more narrowly 
the core width of face of the light pole of the up magnetic pole point of the thin film magnetic 
head of an induction type is needed. 

[0003] On the other hand, a high output is obtained, without a playback output being dependent 
on the relative velocity between magnetic-recording data medium and the magnetic head as the 
reproducing head, and as an arm head for which the magnetic head only for playbacks using a 
magneto-resistive effect element (MR element) applicable also to a small disk attracts attention 
and which responds to the request of high-performance-izing in recent years By developing the 
compound-die thin film magnetic head which compound-ized the magnetic head and the thin film 
magnetic head of an induction type using such a MR element, and optimizing the record gap of a 
recording head, and the playback gap of the reproducing head, respectively It is going to realize 
both improvement in a recording characteristic, and improvement in re-biodegradation ability. 
[0004] Here, with reference to drawing 7 . the rough configuration of the conventional 
compound-die thin film magnetic head is explained. 

Drawing 7 reference drawin g 7 is the important section fluoroscopy perspective diagram having 
shown typically the conventional compound-die thin film magnetic head. On the aluminum2 03- 
TiC substrate (not shown) used as the parent of a slider aluminum 203 The lower magnetic- 
shielding layer 41 which consists of a NiFe alloy etc. through a film (not shown) is formed, 
aluminum 203 etc., after forming the magneto-resistive effect element 42 which consists of a 
laminated structure of NiFe, Ti, and CoZrMo etc. through a lower lead gap layer (not shown) and 
carrying out patterning to a predetermined configuration The electric conduction film which 
consists of Au etc. is made to deposit on the both ends of the magneto-resistive effect element 
42, and the lead electrode 43 is formed. 

[0005] subsequently — again — aluminum 203 The up magnetic-shielding layer 44 which serves 
as the lower magnetic pole layer which consists of a NiFe alloy etc. through an up lead gap layer 
(not shown) is formed, etc. — moreover — aluminum 203 etc. — from, while forming the level 
spiral-like lighting coil 45 through lower interiayer insulation films (not shown), such as a resist. 
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after preparing the becoming light gap layer (not shown) The light electrode 46 is formed in the 
both ends, and, subsequently the up magnetic pole layer 47 of the configuration which has the 
light pole 48 of **** is formed at a tip through the upper layer insulation film (not shown) which 
consists of a resist etc. 

[0006] Subsequently, it is aluminum 203 to the whole surface. After preparing a film and 
considering as a protective coat (not shown), The object for playback which used the magneto- 
resistive effect element 42 by performing slider processing including the grinding for cutting a 
substrate and adjusting the length of the light pole 48, i.e.. the depth of gap, polishing, etc., i.e., 
the MR head for a lead, The compound-die thin film magnetic head which compound-ized the 
object for record, i.e., the thin film magnetic head of the induction type for lights, is obtained. 
[0007] In this case, the magnetic flux generated by passing the signal current from the light 
electrode 46 to a lighting coil 45 will be led to the magnetic pole core which consists of an up 
magnetic-shielding layer 44 which serves as a lower magnetic pole layer, and an up magnetic 
pole layer 47, magnetic flux will leak and come out of it outside with the record gap formed of a 
light gap layer in the about 48 light pole at the tip of the up magnetic pole layer 47, and a signal 
will be recorded on a record medium. Moreover, the magnetic flux from a record medium can be 
detected with a magnetic pole core, a signal can also be reproduced, the width of face of the 
light pole 48 at the tip of the up magnetic pole layer 47 turns into the width of recording track, 
and surface recording density is prescribed to reverse by this width of recording track. 
[0008] On the other hand, the playback principle in an MR head uses the phenomenon in which 
the electric resistance of the magnetic thin film which constitutes the magneto-resistive effect 
element 42 changes with the magnetic fields from a record medium, when fixed sense current is 
passed from the lead electrode 43. 

[0009] In magnetic disk drives including such the compound-die thin film magnetic head, since 
the bit length and the width of recording track on magnetic-recording data medium are becoming 
narrow rapidly with large capacity-ization and the signal from magnetic-recording data medium is 
also decreasing in connection with it recently, the further high sensitivity-ization of the 
reproducing head is demanded. 

[0010] Since a Barkhausen noise will occur and a playback output will be sharply changed if MR 
film does not become a single domain when aiming at such high sensitivityHzation, in order to 
control the magnetic domain of MR film, the magnetic— domain control film has been prepared, 
but since the neutral zone accompanying having prepared this magnetic-domain control film 
serves as a failure of the improvement in sensitivity, this situation is explained with reference to 
drawing 8 . 

[001 1] If drawing 8 (a) reference drawing 8 (a) is the rough cross section of the conventional MR 
head in which the magnetic-domain control film was prepared and it explains in connection with 
drawing 7 On the aluminum2 03-TiC substrate 51 used as the parent of a slider, it is aluminum 
203. The lower magnetic-shielding layer 41 which consists of a NiFe alloy etc. through a film 52 
is formed, aluminum 203 etc., after forming the magneto-resistive effect element 42 which 
consists of a laminated structure of NiFe, Ti, and CoZrMo etc. through the lower lead gap layer 
53 and carrying out patterning to a predetermined configuration Form the magnetic-domain 
control film 54 which consists of antiferromagnetic substance films, such as high coercive force 
films, such as CoCrPt, or PdPtMn, in the both ends of the magneto-resistive effect element 42, 
subsequently the electric conduction film which consists of W/Ti/Ta multilayers etc. is made to 
deposit, and the lead electrode 43 is formed. 

[0012] subsequently — again — aluminum 203 etc. — the basic configuration of an MR head is 
completed by forming the up magnetic-shielding layer 44 which consists of a NiFe alloy etc. 
through the up lead gap layer 55. 

[0013] However, in order that magnetization of the field of near where the magnetic-domain 
control film 54 of the both sides of the magneto-resistive effect element 42 touches in this case 
may fix with the magnetic-domain control film 54, the neutral zone 56 which does not react to a 
magnetic field from magnetic-recording data medium is generated, and the problem that 
sufficient sensitivity is no longer obtained by this occurs. Since exaggerated RAID structure is 
adopted in order to avoid the fall of the sensitivity accompanying such a neutral zone 56, such 
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an advanced MR head is explained with reference to drawing 8 (b). 
[0014] Although drawing 8 (b) reference drawing 8 (b) is the rough cross section of the 
conventional MR head which adopted exaggerated RAID structure and that of a fundamental 
configuration is completely the same as that of the MR head of drawing 8 (a) With [ in the case 
of such an MR head compared with the gap of the lead electrode 43, adopt the structure, i.e., 
exaggerated RAID structure, where the large gap of the magnetic^domain control film 54 is taken 
and ] such structure Since a neutral zone 56 keeps away from the lead electrode 43 which 
detects a playback output, the magneto-resistive effect element 42 of sensitivity will improve 
enough in response to the magnetic field of magnetic-recording data medium. 
[0015] In addition, the spin bulb film etc. is used as a giant magneto-resistance film as a film 
which constitutes such a magneto-resistive effect element 42 in recent years. For example, 
although "the magnetic-reluctance sensor (refer to JP,4-358310A) of the spin bulb effect use" 
or "the duplex spin bulb magnetic-reluctance sensor (refer to JP,6-223336A)'' is proposed by 
IBM This magnetometric sensor is equipped with two ferromagnetic layers which was separated 
by the non-magnetic metal layer and which have not been combined. It has sandwich structure 
which adheres the antiferromagnetic substance layer represented with FeMn or PdPtMn to one 
ferromagnetic layer and by which the magnetization M of a ferromagnetic layer is being fixed to 
it. In the point that a high magneto-resistive effect is acquired to the minute magnetic field from 
a record medium it is markedly alike, a conventional inductive head or the conventional AMR 
(Anisotropy Magneto-Resistivity) film is excelled, and it is used as a high sensitivity read head 
element. 

[0016] In this magnetometric sensor, if an external magnetic field is impressed from magnetic- 
recording data medium etc., since the magnetization direction of the ferromagnetic layer of 
another side where magnetization is not being fixed, i.e., a free (free) layer, will rotate freely in 
accordance with an external magnetic field, the magnetization direction and angular difference of 
the ferromagnetic layer to which magnetization was fixed, i.e., a PINDO (pinned) layer, will be 
produced. 

[0017] Since dispersion for which it depended on the spin of conduction electron depending on 
this angular difference changes and an electric resistance value changes, by detecting this 
electric resistance value change as a voltage value change by passing the sense current of 
constant current, the signal magnetic field from the condition, i.e., magnetic-recording data 
medium, of an external magnetic field is acquired, and the magnetic-reluctance rate of change of 
this spin bulb magnetic-reluctance sensor becomes about 5%. 
[0018] 

[Problem(s) to be Solved by the Invention] However, in the actual MR head, it is mechanically 
impossible to operate correctly the field between the lead electrodes 43 which detect a playback 
output on the data-medium truck of magnetic-recording data medium, therefore an MR head and 
magnetic-recording data medium expect the margin which shifts crosswise [ truck ], and are 
designed. 

[001 9] On the other hand, although it is necessary to take a predetermined value also as a 
property, i.e.. an offHrack property, when this MR head and magnetic-recording data medium 
shift crosswise [ truck ] Although a neutral zone 56 keeps away from the field between the lead 
electrodes 43 when the exaggerated RAID structure shown in drawing 8 (b) is adopted, there is a 
problem of reading the signal from the field which can react to a magnetic field from magnetic- 
recording data medium, i.e.. the data-medium truck with which an admiration band adjoins. 
[0020] Again, since referring to drawin g 8 (b), i.e., the admiration band field except the neutral 
zone 56 of the magneto-resistive effect element 42, has countered not only the data-medium 
truck 57 for playback but the adjoining data-medium trucks 58 and 59, the signal from these 
adjoining data-medium trucks 58 and 59 will also be read. 

[0021] Moreover, as an arrow head shows current in drawing, in order to flow into an overlap 
portion from the whole contact portion of the lead electrode 43 and the magneto-resistive effect 
element 42. The signal from the adjoining data-medium trucks 58 and 59 read with the 
admiration band is electrically outputted as a signal. It becomes inadequate to specify the gap of 
the lead electrode 43 to the width of face of the data-medium truck 57, and there is a problem 
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of it becoming impossible to take a good off-track property. 

[0022] Therefore, this invention aims at offering the lead electrode structure of avoiding 
aggravation of the off-track property accompanying exaggerated RAID structure. 
[0023] 

[Means for Solving the Problem] Drawing 1 is explanatory drawing of a theoretic configuration of 
this invention, and explains The means for solving a technical problem in this invention with 
reference to this drawing 1 . In addition, drawing 1 is the rough important section cross section 
of an MR head and the reproducing head, and the signs 5, 6, 7, and 8 in drawing are a lower lead 
gap layer, an up lead gap layer, a lower magnetic-shielding layer, and an up magnetic-shielding 
layer, respectively. 

Drawing 1 reference (1) this invention is characterized by separating the magneto-resistive 
effect element 1 which detects a magnetic signal of a record medium, and the terminal 4 of a 
pair with the non-conductor material 3 except for a part in the thin film magnetic head equipped 
with the reproducing head which detects a magnetic signal of a record medium as a regenerative 
signal at least. 

[0024] Thus, although a magnetic signal of a truck which adjoins with an admiration band of 
magneto-resistive effect elements 1 other than a field between the terminals 4 of a pair by 
separating the magneto-resistive effect element 1 and the terminal 4 of a pair with the non- 
conductor material 3 except for a part is read, since it is not outputted as a signal output from a 
terminal 4, a good off-track property is acquired. In addition, in this application, "the thin film 
magnetic head equipped with the reproducing head at least" means that the compound-die thin 
film magnetic head to which the laminating of an MR head and the thin film head for lights was 
carried out, and the thin film magnetic head of only an MR head are included at least. 
[0025] (2) Moreover, in the above (1), this invention is characterized by making a gap of the 
magnetic-domain control film 2 of a pair larger than a gap of the terminal 4 of a pair wttile it 
forms the magnetic-domain control film 2 of a pair in both ends of the magneto-resistive effect 
element 1. 

[0026] Thus, by forming the non-conductor material 3 to exaggerated RAID structure, current 
detection for the exaggerated RAID structured division can be made into the minimum, and a 
good offHrack property that it can respond to reduction of the width of recording track 
accompanying formation of high density record by it can be acquired. 

[0027] (3) Moreover, this invention is characterized by a side which the non-conductor material 
3 of a pair counters mutually having a less than 90-degree taper angle in the above (1) or (2). 
[0028] Thus, when a side which the non-conductor material 3 of a pair counters mutually gives a 
less than 90-degree taper angle, the terminal 4 prepared on the non-conductor material 3 of this 
pair can be deposited without producing poor deposition, such as a stage piece, and it can raise 
the reliability of a terminal 4. 

[0029] (4) Moreover, in the above (3), this invention is characterized by being thick as thickness 
of the non-conductor material 3 of a pair separates from an admiration band of the magneto- 
resistive effect element 1 . 

[0030] Thus, poor deposition of a terminal 4 is certainly avoidable by thickening thickness of the 
non-conductor material 3 of a pair as it separates from an admiration band of the magneto- 
resistive effect element 1 . 

[0031] (5) Moreover, this invention is characterized by constituting the non-conductor material 3 
of a pair by insulating material which replaced a part of protective coat of the magneto-resistive 
effect element 1 in the above (1) or (2). 

[0032] A part of protective coat of the magneto-resistive effect element 1 . for example. Ta film, 
is removed for the non-conductor material 3 of a pair. Thus, embed an insulating material or The 
surface of Ta film is oxidized and it is Ta 205. By constituting with an insulating material formed 
by changing Since irregularity of a terminal 4 can be lessened while being able to carry out 
flattening of the surface of the non-conductor material 3 of a pair and being able to prevent poor 
deposition of a terminal 4 by it, the whole height can be made low. 
[0033] 

[Embodiment of the Invention] Here, with reference to drawing 2 and drawing 3 , the 
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manufacturing process of the MR head of the gestalt of operation of the 1 st of this, invention is 
explained. 

Drawing 2 (a) 3 **, first, the sputtering method Is used on the aiuminum2 03-T1C substrate 1 1 , 
and it is aluminum 203 with a thickness of 2 micrometers. Impressing the magnetic field of 100 
[Oe] using selection electrolysis plating, after making a film 12 deposit Thickness forms a 1-3 
micrometers, for example, 3 micrometers, NiFe film, and considers as the lower magnetic- 
shielding layer 13. Subsequently The sputtering method is used and thickness is 500A (= 50nm) 
aluminum 203. After making a film deposit, The lower lead gap layer 14 is formed and, 
subsequently the spin bulb film 1 5 for constituting a magneto-resistive effect element is made to 
deposit by carrying out patterning to a predetermined configuration by the ion milling method. 
[0034] Drawing 2 (b) 3 ** as this spin bulb film 15 For example, the sputtering method is used, 
impressing the magnetic field of 30 [Oe]. The thickness it is thin in a substrate layer For 
example, after forming the 50A Ta film 16, Thickness for example, the 40A NiFe fr-ee layer 17 and 
thickness The 25ACoFe free layer 18 and thickness for example, for example, the 25A Cu 
interiayer 19 and thickness For example, the laminating of the 25A GoFe pinned layer 20, the 
antiferromagnetic substance layer 21 which thickness becomes from the PdPtMn film which is 
20-300A, for example, 250A, and the Ta protective coat 22 whose thickness is 60A is carried out 
one by one, and they are formed. In addition, the presentation of NiFe in this case is 
nickel81Fe19, and the presentation of GoFe is Co90FelO, and the presentation of PdPtMn is 
Pd31Ptl7Mn52. 

[0035] Subsequently, it considers as the direction of the direct-current magnetic field which 
impressed the magnetization direction of the antiferromagnetic substance layer 21 which 
consists of PdPtMn by performing heat treatment of 1 - 3 hours at 230 degrees 0 in a vacuum, 
impressing the direct-current magnetic field of 200 kA/m of the direction which intersects 
perpendiculariy with the magnetic field impressed at the time of membrane formation, since the 
magnetization direction of the CoFe pinned layer 20 is fixed. In addition, the GoFe free layer 1 8 
used as a barrier layer is formed among both, and the fi^ee layer is made into two-layer structure 
so that the counter diffusion between Gu(s) and the NiFe free layers 17 which constitute the Cu 
interiayer 1 9 in a 230-degree G heat treatment process in this case may not arise. 
[0036] Drawing 2 (c) Subsequently, after removing the outcrop of the spin bulb film 15 by giving . 
ion milling using Ar ion by using a resist pattern 23 as a mask, the GoGrPt film 24 which is a high 
coercive force film used as a magnetic-domain control film is made to deposit on the whole 
surface using the sputtering method 3 **, so that it may become thickness comparable as the 
spin bulb film 15. In addition, the presentation of CoGrPt in this case is Go78GrlOPtl2. 
[0037] Drawing 3 (d) 3 **, subsequentiy to a resist pattern 23 top, after removing the deposited 
GoGrPt film 24 with a resist pattern 23, by giving ion milling by using a new resist pattern (not 
shown) as a mask Patterning of the CoGrPt film 24 is carried out to a predetermined 
configuration, the magnetic-domain control film 25 is formed, subsequently the sputtering 
method is used again, and thickness is 20nm aluminum 203. A film 26 is made to deposit. 
[0038] Drawing 3 (e) Subsequentiy it is aluminum 203 3 ** by irradiating Ar ion of a 
predetermined incident angle from across, after forming the neutral zone of the magnetic-domain 
control film 25 and the spin bulb film 1 5 for the resist mask 27 of a wrap configuration. The 
protection insulator layer 28 is formed by carrying out etching removal so that the side which 
faced the admiration band of a film 26 may become taper-like. In addition, this taper angle can be 
controlled by controlling the configuration of a resist pattern 27, the height of a resist pattern 
27, the incident angle of Ar ion, etc. 

[0039] Drawin g 3 (f) After removing a resist pattern 27 3 **, subsequently by the lift-off method 
using a resist pattern (not shown) thickness One pair of lead electrodes 29 are formed by 
carrying out the sequential deposition of lOnm Ta film, a lOnm TiW film, and the 80nm Ta film. 
For example, subsequently Again, thickness is 500A aluminum 203 by the sputtering method. 
After depositing a film, it considers as the up lead gap layer 30 by carrying out patterning to a 
predetermined configuration using the ion milling method. Subsequently When thickness forms a 
3.8-micrometer NiFe film and considers as the up magnetic-shielding layer 31 with selection 
electrolysis plating, the basic configuration of the MR head which used the single spin bulb 
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element as the magneto-resistive effect element is completed 

[0040] Thus, In the gestalt of operation of the 1 st of this invention, since the protection insulator 
layer 28 is formed so that an exaggerated FRAID portion may be covered, and insulating 
separation of except for the lead electrode 29. the original reading field of the spin bulb film 15, 
and the becoming field is carried out, current detection in an exaggerated RAID portion can be 
controlled, and an off-track property can be made good by it 

[0041] Moreover, in the gestalt of operation of the 1st of this invention, since the taper is 
formed in the side which the protection insulator layer 28 counters, in case the lead electrode 29 
is deposited by the sputtering method, in the edge of the protection insulator layer 28, neither a 
stage piece nor a void (^) occurs, therefore the reliability of the lead electrode 29 can be 
raised. 

[0042] Next, with reference to drawing 4 , the manufacturing process of the MR head of the 
gestalt of operation of the 2nd of this invention is explained. 

At the completely same production process as the gestalt of the 1 st operation of the drawing 4 
(a) reference above, it is aluminum 203 on the aluminum2 03-TiC substrate 1 1. The lower 
magnetic-shielding layer 13, the lower lead gap layer 14, the spin bulb film 15, and the magnetic- 
domain control film 25 are formed through a film 12. 

[0043] Drawing 4 (b) aluminum 203 which thickness subsequently increases by 3 ** by forming 
the resist pattern 32 of the configuration which surrounds the periphery of the magnetic-domain 
control film 25 for the center section of the spin bulb film 1 5 with a wrap, and performing 
sputtering so that it may become a predetermined incident angle as it has a predetermined taper 
angle and separates from an admiration band The insulating protective coat 33 which consists of 
a film is formed. In addition, aluminum 203 deposited on the resist pattern 32 Illustration is 
omitted about a film. 

[0044] The taper angle in this case can be controlled by controlling the configuration of a resist 
pattern 32, the height of a resist pattern 32, the incident angle of sputtering material, etc. 
[0045] Drawing 4 (c) 3 subsequently, after removing a resist pattern 32, the basic 
configuration of the MR head which used the single spin bulb element as the magneto-resistive 
effect element is again completed by preparing the lead electrode 29, the up lead gap layer 30» 
and the up magnetic-shieidihg layer 31 of a pair according to the completely same procfcjction 
process as the gestalt of the 1 st operation of the above. 

[0046] Thus, also in the gestalt of operation of the 2nd of this invention, since the protection 
insulator layer 33 is formed so that an exaggerated RAID portion may be covered, and insulating 
separation of except for the lead electrode 29, the original reading field of the spin bulb film 1 5, 
and the becoming field is carried out, current detection in an exaggerated RAID portion can be 
controlled, and an off-track property can be made good by it. 

[0047] Moreover, it sets in the gestalt of operation of the 2nd of this invention. Since thickness 
is made to increase while forming a taper in the side which the protection insulator layer 33 
counters as it separates from an admiration band In case the lead electrode 29 is deposited by 
the sputtering method, the stage piece and void (^) in an edge of the protection insulator layer 
33 can control generating more certainly, therefore the reliability of the lead electrode 29 can be 
raised. In addition, a possibility that it may be inferior to the gestalt of the 1 st operation of the 
above a little has the controllability and reliability of thickness of a taper start of region in this 
case, and the field where current flows may expand them a little in connection with it. [ of a 
field] 

[0048] Next, with reference to drawing 5 , the manufacturing process of the MR head of the 
gestalt of operation of the 3rd of this invention is explained. 

At the completely same production process as the gestalt of the 1st operation of the drawing 5 
(a) reference above, it is aluminum 203 on the aluminum2 03-TiC substrate 1 1. The lower 
magnetic-shielding layer 13, the lower lead gap layer 14, the spin bulb film 15, and the magnetic- 
domain control film 25 are formed through a film 12. 

[0049] Drawing 5 (b) subsequently 3 ** by forming the resist pattern 34 of a wrap configuration 
for a center section and the edge of the magnetic-domain control film 25 of the spin bulb film 1 5, 
and giving ion milling It is aluminum 203 about this removal portion after removing the Ta 
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protective coat 22 prepared in the topmost part of the spin bulb film 15. By embedding a film by 
sputtering, the surface is flat and the protection insulator layer 35 which was mostly in 
agreement with the height of the center section of the spin BURUBU film 15 is formed In 
addition, aluminum 203 deposited on the resist pattern 34 Illustration is omitted about a film. 
[0050] Drawing 5 (c) 3 subsequently, after removing a resist pattern 34, the basic 
configuration of the MR head which used the single spin bulb element as the magneto-resistive 
effect element is again completed by preparing the lead electrode 29, the up lead gap layer 30, 
and the up magnetic-shielding layer 31 of a pair according to the completely same production 
process as the gestalt of the 1 st operation of the above. 

[0051] Thus, also in the gestalt of operation of the 3rd of this invention, since the protection 
insulator layer 35 is formed so that an exaggerated RAID portion may be covered, and insulating 
separation of except for the lead electrode 29, the original reading field of the spin bulb film 1 5, 
and the becoming field is carried out, current detection in an exaggerated RAID portion can be 
controlled, and an off^-track property can be made good by it. 

[0052] Moreover, in the gestalt of operation of the 3rd of this invention, since the surface of the 
protection insulator layer 35 is evenly made mostly in agreement with the height of the center 
section of the spin BURUBU film 15, when depositing the lead electrode 29 by the sputtering 
method, irregularity can be formed for the lead electrode 29 few, and the whole height can be 
made low by it. 

[0053] Subsequently, with reference to drawing 6 , an MR head is explained for the gestalt of 
operation of the 4th of this invention. 

Although drawing 6 reference drawing 6 is the rough cross section of the MR head of the gestalt 
of operation of the 4th of this invention, and that manufacturing process abbreviates explanation 
to the gestalt of the 1st operation of the above except not preparing a magnetic-domain control 
film since it is substantially the same, the focus of the gestalt of operation of the 4th of this this 
invention forms the spin bulb film 36 for a long time by the truck cross direction, without 
preparing a magnetic-domain control film. 

[0054] That is. by forming the spin bulb film 36 for a long time by the truck cross direction, the 
magnetization direction of the spin bulb film 36 can be specified crosswise [ truck ] with 
sufficient repeatability, and generally, since the magnetization property of a ferromagnetic has a 
configuration dependency and it becomes easy to be magnetized along a long and slender 
direction, even if it does not prepare a magnetic-domain control film by it, single domain-ization 
is attained. 

[0055] It is necessary to acquire the good off-track property that it can respond to reduction of 
the width of recording track accompanying a raise in recording density. Also in this case, to eye 
others Limit the electrical installation field of the lead electrode 29 and the spin bulb film 36 by 
forming the protection insulator layer 28, and since insulating separation of except for the 
original reading field of the spin bulb film 36 and the becoming field is carried out Even if it reads 
the record magnetic field of the truck which adjoins in addition to an original reading field and the 
becoming field, it is not outputted from the lead electrode 29 as a signal output, and an off-ixack 
property can be made good. 

[0056] As mentioned above, although the gestalt of each operation of this invention has been 
explained, this invention is not restricted to the configuration indicated in the gestalt of each 
operation, and various kinds of modification is possible for it. For example, in explanation of the 
gestalt of each above-mentioned operation, although NiFe constitutes the lower magnetic- 
shielding layer 13 and the up magnetic-shielding layer 31 using selection electrolysis plating It is 
what may use CoFeNiS which is the small soft magnetism film of coercive force like NiFe, and 
CoFe. It is what may carry out patterning by the ion milling method after making it deposit on the 
whole surface with electrolysis plating also as the membrane formation method. Patterning may 
be carried out by lift off using the sputtering method, and further, after making it deposit on the 
whole surface, patterning may be carried out by the ion milling method. In addition, when using 
electrolysis plating, it is desirable to prepare a plating base layer beforehand. 
[0057] Moreover, it is aluminum 203 as the substrate insulator layer prepared on the aluminum2 
03-TiC substrate 1 1 in explanation of the gestalt of each operation of this invention, the 
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protection insulator layers 28, 33, and 35, the lower lead gap layer 14. and an up lead gap layer 
30. Although used aluminum 203 It is not restricted and is Si02. You may not use, and it is not 
restricted to the sputtering method as a forming-membranes method, and vacuum deposition or 
a CVD method may be used. 

[0058] Moreover, in explanation of the gestalt of each operation of this invention, although the 
spin bulb film 15, i.e., the single spin bulb element which consists of 
NiFe/CoFe/Cu/CoFe/PdPtMn. is used as a magneto-resistive effect element, it is not 
restricted to such a single spin bulb element, and the single spin bulb element of other laminated 
structures, such as NiFe/Cu/NiFe/FeMn. may be used, for example, a double spin bulb element 
may be used further. 

[0059] Moreover, the element which has the ferromagnetic tunnel junction structure which 
transposed the Cu interiayer 19 in the artificial grid film or spin bulb film of the [CoFe/Cu] 10 
grade made to deposit ten periods by turns to the tunnel insulator layer for an anisotropy 
magneto-resistive effect film. CoFe, and Cu(s), such as NiFe, may be used instead of the spin 
bulb film 1 5 as a magneto-resistive effect element. 

[0060] Moreover, in explanation of the gestalt of each above-mentioned operation, as a 
magnetic-domain control film, although CoCrPt of a high coercive force film is used, it is not 
restricted to CoCrPt, other high coercive force films, such as CoPt and CoCr, may be used, and 
antiferromagnetic substance films, such as PdPtMn, may be used further. 

[0061] Moreover, what is necessary is not to be restricted to such a presentation ratio and just 
to choose a presentation ratio suitably as NiFe, CoFe, PdPtMn, and CoCrPt, in the gestalt of 
each above-mentioned operation, according to magnetic properties, a working characteristic, etc. 
to need, respectively, although nickel81Fe19. Co90Fe10, Pd31Pt17Mn52, and Co78Cr10Pt12 are 
used. 

[0062] Moreover, in explanation of the gesta^ of each operation of above-mentioned this 
invention, although the Ta/TiW/Ta laminated-structure film is used as a lead electrode 29, it is 
not restricted to such a laminated— structure film, and Au film may be used, or independent W 
film and Ta film may be used. 

[0063] Moreover, although the aluminum2 03-TiC substrate is used as a substrate in explanation 
of the gestalt of each operation of above-mentioned this invention, it is Si02 to the surfiace. Si 
substrate in which the film was formed, or substrates, such as a glass substrate, may be used. 
[0064] Moreover, it is aluminum 203 to the removal section after removing a part of Ta 
protective coat [ at least ] 22 which formed the protection insulator layer 35 in the maximum 
upper layer of the spin bulb film 1 5 in the gestalt of the 3rd operation of the above. Although a 
film is made to deposit and being formed The Ta protective coat 22 is oxidized and it is Ta 205. 
As a film, it is this Ta 205. It is good also considering a film as a protection insulator layer, and in 
order to carry out flattening of the whole surface in this case, it is desirable to oxidize, after 
removing a part of Ta protective coat 22. 

[0065] Moreover, although the gestalt of the 4th operation of the above is equivalent to the 
gestalt of the 1 st operation of the above, as a formation production process of a protection 
insulator layer, it is not restricted to an above-mentioned configuration and may be formed by 
the same manufacturing process as the gestalt of the 2nd operation of the above, or the gestalt 
of the 3rd operation. 

[0066] Moreover, in explanation of the gestalt of each operation of this invention, although 
explained as independent MR head structure, this invention is not restricted to such an 
independent MR head, and is applied also to the compound-die thin film magnetic head which 
carried out the laminating to the thin film magnetic head of an induction type as shown in 
drawing 7 . 
[0067] 

[Effect of the Invention] Since insulating separation of except for the original reading field of the 
magneto-resistive effect element which constitutes the thin film magnetic head, and the 
becoming field, and the lead electrode is carried out according to this invention Since current 
detection of the overlap portion which can control current distribution and poses a problem with 
exaggerated RAID structure by it can be made into the minimum The place which can acquire 
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the good off-^ack property that it can respond to reduction of the width of recording track 
accompanying a raise in recording density, as a result contributes to the spread of the HDD 
equipment of high recording density is large. 



[Translation done.] 
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;*Cti-e. ^v'Xh/t:5'->3 2*(^*Ufc©^, SO:, 

^(DU-H«e2 9. ±gB'J-H=^^>>7'B3 0. S 

cx, ±^mm.z^-)v\'m3 i^wnf^z.nz^-DX. -> 
[0 0 4 6] ;^©«itc, :^mmo)^2<Dmmo)mmnz^ 

i^Tt)> ^-A'-W Kgg^J-sa-pJ;plc»Si^)^3 
3Sr^ltT. U-H«ffi2 9 i:Xtf>A;P:/IK 1 SCOJ^ 

M<Dmmmmtiii>mmsmt^i&m6^mi^x\,^i>(D 
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(0 0 4 71 sfc, ^mm(r>m2<Dmm<Dmmtz^^^T 

10 0 4 8] B5*#KbT, *f!?«®B3©^ 

05 (a) #M 

1 <D^m<Dmmii±< mm<Dxmx. a 1 2 o 

3 -T i CK«1 l±iZA 1 2 Os 2*:ft-bT, T 
[0 0 4 9] @5 (b) #^ 

jjct^Tv X If wNvu:/® 1 5 (Ofp^m^gLimmumm: 2 

5©S?ggB&a3J^4*©U'i^Xhn3'->3 4S:^tt, -f 

(DgJiffifCiaitfc T a 2 2 L fc©^ , ;i (D 

l85ifea^i-«rA 1 2 O3 ^^X/1«y^U>y{Cj;oTSJ6 

j5.tr zittrioT. ^®*i¥ST. 7.f>::/;P:/i^i 5 
<Dfp^^<Dm^ tsts-sc LfcffiSi^iga^ 3 5 sj^^r 

i^*5, U>?Xh/"«^'— >3 4J:»C*tieLfcA I2 O 

[0 0 5 0] 05 (c) 
A^^X. P'v'T. hAiJ' — >3 4Sr^*Lifc©-&, SZ/, 

*f«)U-h*m«i2 9, ±gB>J-H^^-y:/S3 0, R 

[0 0 5 1] :$-%m(Df^3(Dnt&(Dmm\Z^ 
O^Tfe. :t-A*-W'-1- HSB5:>€rS-5J:pJC«aiffii»^3 
5 *SttT. U — h*«ffi 2 9 izX\i>JVl'Zfm 1 5 <D* 

[0 0 5 2] *5!ig©m3<D|gii(DJ^ffiC*5tiT 

5®4'*gP<OiiS$i:S«-Sfe$-&Tti^(DT. U 
- 2 9 «r;^Aty ^"J >y&»C±oT«a-r*«^ 



[0 0 5 3] JJCViTT, H6*#RiLT, *5!fW<D^4© 

mmmmx&r). ^®sjgiie«. «K^«ig*fgfrtJ5: 
^^£A^tt±fBco^ 1 <D^m(Dmmtmmmtzmmx$>^ 

mm.mmm^wnf'r\z7.\^>/w:/m3 6 

[0 0 5 4] fiPt., -JJStC^mtt^wa^bWttttJgttft 

wm^$>o. m&f^^:^\^iz^-oTmitvB<fi^<Dx. 

■s^itJcioT, 7.i^>/vi^zrm3 6<Dmit:^\^^nm 
iiS:<h^y^m:^f^\zm&t^^tA^X'^. -entcj: 

[0 0 5 51 j:(D«^K:;fe«.iTt>, S5IB®a5Sfl:tr«ip 

-5citfcioTU-H«fii2 9t;^e>A;p::/fe3 6© 

mwimmh^^m^uni:^iim^mLx\,^^<Dx. * 
*®KScffi«ti^-g.®«£Anjc:fe(,iTBie-rs h ^ >y i7 
®f2&«^s^ig*«{oTt>, «^m*tbTU-Hmg 

mz-t^z.iiifix'^^, 

[0 0 5 61 :^^m<r>^mm<Dmmi^mm\^x^ 
fzffi. *5!?gtts-iisfi®jgiiics3«ufc«i^tds&ns 

t)®Ttt;^<, sa®^M*i^tgTfeS. m^m. ±13 
®^*Ji®Jgl8®SiWJc;feViTtt> TgKJ8M>'-;i'HB 
1 3Sl/±gSffi8^->-;i'H«3 1 ^SJ?*^;*^^^^ 
fflViTN i F e tCJ:oTiW^UTVi5*t, N i F e 
8Hc«fiS:^®/h$;S;i)cSi4^Tfe^)CoFeN i S^C 
oFe^ffltiTt)aOifc®-ea&D, ffiM^rfetbTfem 

»p^>y+^-c±®{c«a^-&fc®-&-f :i->5 u >ifmtz 

A ^ U V^T 'J :7 h IC J; oT A^'- - > 

y^Tfeai/^b, S6fCtt, ±tHlC*ftfflS-&fc®-^, 
:4->5 U >5^&t J;oTA^'— ->i^bTfeat>fc®-C 

[0 0 5 7] Sfc, *^?q®#^®J^Sg®ia§q(Ci5(,i 

A 1 2 O3 -T i CS«1 i±ic^it-&Taitei& 

^mmmm2 8. 33, 35, TSBu-K^^-^y 

Ml 4, RZ^, ±SPU-H=^i'-yy«3 OibTA I2 
O3 S-fflOiTti^*^ A 1 2 O3 \zm^n^h(DX\ifJ. 
<> S i O2 <fcfflV*T=E)fitr»tO-e*0, S 

fc, ^]K»tbTfcXAy^"J>i^ffiK:IS&tl-5t)®T 
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[0 0 5 81 sfc. :$.9tm<o^mm<Dmf&<DWimiz:^^^ 
Ttt. mn.t&mm:^^iii^x:x,}i>/vizfmi s. bp 

^. N i Fe/CoFe/Cu/CoFe/PdP tM 
f3i<, «>L«. N i Fe/Cu/N i Fe/FeMn^ 

[0 0 5 9] m%mim3m=f-t\.x7.\£>/vv 

zrmib (Oi^t) 0 IC, N i F e ^WS^ttCS^Stn:???!* 
CoFetCu S«>9x.«3SlLfC 1 0 ^W*t«S 1t Ac 
CCoFe/Cu) 10^©AX»^K, J^hT 
>/'?;l':/KlC;fett -5 C u f 1 9 S h ^^-iP^IRJC 

[0 0 6 0] ±m<o%^mo)i^m<Dmm\z^^'^x 

tt. JKK^iiKtbT, iiS«a;t;KcDCoC r P t Srffl 

Coc r p t tcfge)n-5t)Wrtt;/i<^ c 

oPt. CoC ri|(D{fi©H««:/3MSrfflI/>Tfem<> 
^etCtt, Pd P tMn^©S^«ttflcK*JlV^Tt>A 

[0 0 6 1] ±fB®&*igWJ^ffifC43V>Tfi, N 

iFe. CoFe. PdPtMn, CoCrPt 
tbT. *>«r, NisiFeis. Co9oFeio> PdsiP 
tuMnsa. RtX. C 078C r loP t i2S:ffltiTtiS 

[0 0 6 2] ±M<r>i^%m<D^^^(omm<r>mm 

»C;feliT«> U- K«a2 9 t bXT a/T i W/T a 

[0 0 6 3] sfc, ±m<o:^mm<o^nm<omm^(DWim 

tC*t»Ttt, »«tUTA 1 2 O3-T i C»«^fflV» 
Tli'5*«. ^M»;:S i 02 ^i&J^^bitS i 

(0 0 6 41 sfc. ±m(om3(D^m<Dmmiz^^^x 
t,, ^sggjcA 1 2 03 m^mm^nrxi^^vx^^^ 

Ta»aM2 2"S:K<bLTTa2 Osl^tUT. Zl 
©Taz O5 K[*»ai»iBietbTt>fil»=b<DT?»0, 

2 2CC»-gBSr^*lxfcW-^K'fb-r-5^:i:*^M*bti. 
[0 0 6 51 ±m<Of^4<D^m(DMmit. ±fi<0 



mt^i3.w^T.mxm^i^xi>Bk^'^i>(Dxis>^. 

[0 0 6 6] Sfc> *fgMO$SlliS®J^SI«iiWc;fet» 

< . S 7 iC^ L^SlJ^SI^^Oliigffi:^^ H ^filS b 
[0 0 6 7] 

-eras i iiS: -5 ^- A— 7 >y y SP^J-® «SS^m * S'MS t 

(Dm'>izMi^x^^^tfffs.^y h^y i7t^^^n^ z. t 
[@ 3 1 1 <Dmm<Dmm<Dm 2 j^p^oisisx 

[04] *^g«<D^2 0D|liScDJgli®i3jgXecDitt?BS 

m 5 ] ^mm<om 3 (99i£sa))^ii(oi!jgxea>^i9gi 

[@61 *!8l«®^4<DSIiS©}gfi8CDMR'\.y HCDMBS 

x$>^. 

[08] U^iDMR^y H©iJi?q0-e*-5. 
[^#<Dgl?8] 

I fiS^fita^*^^ 

4 

5 TSfU-H^^y^ffl 

6 iSSU-K^^^i'-yy^ 

7 TSMSfii^-.'l'He 

8 ±gK8flv'-;l'H« 

II A 1 2 O3 - T i CS« 

12 A 1 2 O3 M 

13 T^m%>'-jv\^m 

14 TSfU-K:^r«yya 
1 5 X\^>/VlZf!M 

16 T aM 

17 NIFe^'J— e 

18 CoFe^'J— B ■ 
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